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Ab8tract
Adensitymatri4f{)rmalismoftransientresonanceRamanscatteringisdeveloPedf`)rageneralsystemill
suchawaythattheuncertaintyrelationsbetweentheenergyofanabsorbedoremittedphotonandthetime
oftheabsorptionoremissioneventaresatisfiedillbothprocessesandfurtheralltheposs}bleeffectsofthe
radiation・matterinteractions血chasastrongraixing.ofexcitonandphotdn恒odes(exciton-polariton),longitu-
dinala皿dtransverseradiativerelaxationsareautomaticallyincluded.Itisshownthattheuncertaintyprinciple
restrictsthe'waythatthecorrelatioixbetween'absorptionandemissionevcntsshouldbeandthereforeitwou!d
bring皿tsomeseriouseffectsonRamanscatteringandhotluminescencethoughthenesticorrelationeffects
dependnotonlyont}1epropertiesofthesystembutalsoonthewaysofexcitationandobservatloi{.Both
longitudinalalldtransverseradiativerelaxationsilltheintermediatestatesareinvestigatedbymeansofdiagra-
mmatictec}mique.Thef()rmercanbedescribedintermsofdampingoperatorundertheonlyconditionthat
thedurationtimeoftheintermediatestateismuchlargerthantheperlodoflightconcemed.
§1.Introduction
Recently,greatinteresthasbeentakenintheprob-
lemIioworwhethertheconventiollalopticalprocesses
・fresomnceRamanscatteringlnanarr・wsense ,h・t
luminescenceanderdi.narylumillescellce(abbreviatedas
R,S,,H、L.andO.L.,respectively)canbeseparaied
fromresonanceRamanscatteringillawidesense(abb-
reviatedasR.R.S.),1～26)illanticipationthatR.R.S.,
bothtransientandsteady,wouldbecomeoneofthe
powerfullnethodsfbrthestudyofdYnamicalaspccts
OfrelaxatiOnprOCeSSeSininter!nediateStateSteSOnantly
excifedillmateria|systemS..
Fromtheaboveviewpoint,R.R.S.inthe.sLeady
stateisconslderedtobeaspecialcaseofthetransient
R・R.S.orthetim¢寸esolvedand/orthee配rgyイesolved
measurementsofresonan日ightpulsescatter]ng.Expe－エ
rlmentally,!heextensiveprospectsoftheimnsieぽR.
R・S.f()rrelaxationstudieshaverecentlybeendemon-
stratedonmoleculesillgases8ハ
,liquidsg}andsolids24},
andself-trapPedexcitonsintilkalihalides25}andfluori・
tes糊.Ontheotherhand。somefoilmalismsoftran・
sientR、良.S,}lavebeenpresented・andaPpliedt6sys・
(1)
temssuchasln・leculesingasesH・12・14b}andalocalized
eiectron-phononsystem14b・15e・b,.Unfortunately,howe-
`
ver,theimportanceoftheuncertalntyprinciple(abb,
reviatedasU.P.)referredtotlledegreeofiridetermi-
natenessintheposs提)lepresentknowledgeofthe
energyofanabsorbedand/oremittedph・t・nandthe
timeoftheabsorptionand/oremissionevcntseemsto
beyetunrecognize(玉thoughithasbeenremarkedby
Schwaltzto).andbytheauthori2,.TheU.P.imp|ica-
tiollshouldnotbeconfusedwithfinitenessofresolutioi!
powerofaphoto・counterwhichwillfurtherintroduぐc
acertainaveragingProcedure.SincetheU.relations
iiiboththeabsorptionandemisslonprocessesconcerned
hereCanneverbeavo{deditlprinciple,WeCanSaythat
anysatisfactorytheorymustbeconsistentwithU.P..
Itlfact,thecorre!ationbetweenabsorptionandemission
(abbreviatedasC.A.E.)shouldbeconformedtothe
U.relationsintheabsorptionandemissionpr㏄esses.
Tllereforre,weexpectせhatUP.wouldplayan
importantrolecspecialtyf()rtheR.S.andH.L.
components,whichdisplayappreciabletifne.dependent
C.A.E.,notonlyinenergybutalsoinpolarization.
Anotherconcerninロ バispa6eristheeffectofthe
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radiatiOn,matterinteracCionintheintermediateStateOf
thesec・nd-・rder・pticalpr。cess.hiswellknownthat
itsmostimportanteffectillR.R.S.istheIongitudinal
radiativedampingintheintermediatestate,whichplays
theroleofnotonlyrem6vingthepopulationofthe
intermcdiateexcitedstatetoother6tatesnotresponsible
fortheemissionconcerned28・'53㌧butalsocausingthe
I1・n・di・g・naいrallsitゆnam・ngtheexcitedstates,which
lsimp・・tantf・日argesy・t・m・having・quasi-・ ・ntinu-
・usenergylevelscheme'5a'.Inthispaper,thef・11・・
wingtw・effectSa・eals・t・kcnint・c・nslderati・11:
Thefirstisthefbrmatiollofthemixedmodeofpho・
tonandallelementaryexcitatiollofthesystemstrongly
・・upledt・it.Theweltkn・wnexamPleisane・Cit・n-、
polariton7,19"2'3}.Thesecondistheeffectofthetrans-
。e,seradi・tived・mpingi・th・int・・mediatestate,which
isconsideredtobeoneofthepossib1emechanisnisof
transverserelaxationξ・withlargeStokesloss.
In§2and§3,wewiUperfbrmatime-dependent
descriptionofR.R.S.inageneralsysteminsucha
waythattheU.relationsinboththeabsorptionan(l
emissionprocessesmentionedal〕ovearesatisfiedandi皿
addltiOnanthee∬eC㎏Oftheradiation-matterlnteraC-
tionenumeratedabo、・eareautomaticaltyincluded.The
radiativerelaxationofthecombinedsystemconstructed
bythematerialandapartofphotonsstronglycoupled
toittoformpolaritons,whichiscausedbyaremainlng
weaklycoupledpartoftheradiati・n-matterinteract三〇n,,
willbestudiedill§4bymeansofthediagTammatic
technique.Theconditio;1sforwhichmomentarity
ofradiativetransltlonisjusti丘edwillbefoundtobe
looserthantheonesconductedbyToyozawa竃5a).In
addition,thetransverseradiativerelaxationwillbe
slightlydiscussed三n§4§5wil玉bedevotedto
clarifyingtheU.P.impllcationsinboththeabsorplion
andtheemissioneyentsandtheintilnaterelation-
shipbetweenUP.andC.A.E.Inthe丘nalsection,
・summarywithdiscussionwilSbegiven.
§2.Formulatlonoftheproblem
Forsiinplicity,weconsiderthesituationwherean
one-dimensionallucidentpulsepropagatingillthe-2
directionisaもsorbedinthematerialsystem(siinply
referredtOa、S"SyStem"hereafter)thr・UghthepertUr-
bationalhamiltonianH'(のandthenanemittedlightis
detectedilltheregionγ～}whifhisfarapartfror匝the
SamPle.TheSyStemWithhamiltonian〃iSinteracting
with出eradiatioii丘eldwith.HnthroughH,.Then,
thetotalhamiltonianisgivenby
㌘ 。(t)=H+H.+H、+∫1'(の=2Z・ →-H∫
一トカ「'(t)==才ク十 ∫1'(t),(2.1)
Hノ=Σ 。(Ilg+α4十Ilqaq+),(2.2)
IIκ=Σqcqaq+aq,(23)
whereqrepresentS・ph・t…1n・dewiththewa・ ・e
vectorロ!,theenergyε9(cisthelightvelocityillva・
・uum),thep・]・ ・i・ti・1・e・,・ndth・・n・ihil・tl・11・pera-
tor砲 、U,isgivenby
・1ぽ(・ π/亘〕・・∫・が(・)・-i・…(…)
wherej(r)isanoperatorofthecurrentdensityof
electrons飢de(<0)is'anelectroniccharge.'.
Letussupposethattheincidentpulsecanbewell
describedbytheclassicalvectorpotential
/ll(r,t)==∠4ieigt(t十2/c)¢一`ω,《t+e'c},(2・5)
whi、hissp・・ifiedbyth・unltp・1・ ・;zati・nvect・re1,
theinstantaneousfrequencyωiand.theとnvelope・fullc.
tionofthepotentia1ψ(t).Theinteractiollbetween
thcincld印tpulseande!ect・・nsisgl・enby
where
昨)一 一(1/2c)∫・・j(・)・{氣・)+・…}
一石/・ ・巧 ∫=(dξ/・・)n・÷{A・ψ(ξ一価)
+As*ψ(一ξ一 ω・)}e-iet(2・6)
ψ(の一 ∫:(・ξ/・)ψ(ξ)・一τξ`
II・一 －eV(・・ノ㌫)・1・∫ 耐(・)e"'e・1c
(2.7)
(2.8)
.ltwillbefoundin§5thattheaboveclassicalmodel
forthepulse-excitationcandescribedtheU.relation
intheabsorptionprocess.
Ontheotherhand,thecssentialaspectoftheU.
relationbetweenthetime・resolvedandthecnergy-
resolvedmeasurementsofem証tedlightpLllsecanbe
takenintoaccountbyh)troducingtheFourier▲ntegral
。fthevec如rpotential.'
(2)
Aω 一Σ・〆 ㊨ ・)・(・-1-a㌔)fD・1・・…-k…
(k,>0),(2.9)
whichdepends・ntheregion・fh"eg・ati・n'1■・・Here・
wesupP・sethe・imple・tfo・mf・ ・V・ 、tllatisawide
and侮tboardofthethickness2αwiththepla爬s
perpendiculart・k,皿d・ ・eputth⑪ ・igi・。nthecen'
terofI句.Then,theintegralofeq.(2.9)is,perfbr'
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J.d…(・-k・…(・ ・)2δ(・・)・… 〔a(qo-k)〕/(・r〃)
whereσ・an輌a・ec・mp・ …t・ ・fqP・ …e11・ ・d
peri〕endiculartokrespectively.Bythe.useofeq.
(2.9),thenumberoperatorofphotonsintlledetector
wlth、vavevectork～k-1-dkandapolarizationvector
eisgivenby・
八r(k)dk/(2π)3=(k/4rrc)le・」、(k)12ごik/(2π)3
,・ ・Σ ・・1(・,・(一 ・)(・…)∬m..漂 一
4・i・〔a(q－k)〕・in〔・(9・一 え)〕.
'←c4
－k)('iji)a'q皇a"'
.趣_(2,10)(
2π)3
whereΣP。1(1,2)meanstakingthesumoverthreeil1・
dependentpolarizationsandhereafterweregardqland
9、・・g、E・ ・dg,A・esp・ ・tivelywh・・eた 雄1・
thesec・ndequ・ti・n・f(2.10)wehaveals・ ・mitted
thephysieallyirrelevantterms.Thusthescattering
eMciencycanbederivedfromthesecondorderresponse
ofN(旬t・H'ωwiththeuseofthelinearresp・nse
・
theory29).
§3.Time-dependentde8eriptionofR.R・S・
Thedensityrnatrixofthetotalsystemobeysthe
equationofmotionぴ=1)
説 ・'ω一一・〔2x+〃'ω ・・'ω〕(・ ・1)
withtheinitia▲condition(BoltzmannconstantkB=1)
ρ'(一 。。)=ρ ≡ ・-fi'/TITr〔e"・X/T〕(3・2)
Ex岬di・gρ'(Dinp・wers・fTI'(')andputtingthe
secondordertermsintoρ2('),weobtain
・・ω 一 ∫k…1∫ 二・'・'i・'('…一 ・)・H'(・'・・1'一')
一 ∫已 ∫ ン'・〔〃'(～1・'1-・)H'(・・… 一 ・)・
十 ρH'(〆2,t2-t)H'(tl,tl-')〕(3・3)'
whereH'(ご1,t2)istheHeisenbefgrepresentationof
11'('1);
H'(tl,t,)=ei・SYt・H'ωθ一'・syt・(3.4)
Makinguseofρ2('),wegetthesecondorderresponse
ofN(雁)givenbyeq.(2.10)t・ll'(')・
〈nN(k)〉 、≡Tt・〔N㈲ ρ2(t)〕
=Σ
,。,(L,,(・・e・、)(・…)・∬:..綴2
4・in〔a〈qrk)〕sin〔a(q・-k)〕
7,r〔a,、,、i㌶(σ2一丘)(。,)
Insolvingourprbblemweusethefollowingtwo
apprOx;matio皿s;
(DWeretainonlyaresonanttermineq.(3.3)
(resonanttermapProximati・n),
(亘)Anytermswhichcontainsuchfactorsasaqρor
ρa,+aredis・eg・dedindep・ndently・fg・
謬i;1隠 隠 蒜 盤,7'「(aq,p2(t)aq,+)in
乃 ロ ・・ρ・ω …+〕一捻 ぎ男 ・∬一..繊
・ψ(ξ一 価)ψ・(ξ・一ω1)∫:・,∫1
バ
・dtl'e-f《ξ1`1一ξ乞t`')Tr〔ごlq
ill+ξ1(∫1-1)バ
・ρrlξ,(t/-t)ag,"〕(3・6)
where
INξ(t)=ei・PttIIξe-i・SZt(3.7)
Inordertocalculatethetraceof(3.6),ltisconvenient
tointroducetheS-matrices:
s(')≡・・繊 一・励 一・xp・〔一・∫'・1・w)〕
(3.8)
8(t、,t∂≡ ～ 麟'1〆'・-tl)2・一∫飾20(t・一 ∫・)
-exp・〔一 ・∫:`d・・H・(・)〕・(tl-t・)(…)
whereexp土representsthetime-orderedexponentialwith
inCreasl。g(dec・ea・i・g)tim・t・w・・d・th・1・ft,θ ωi・
theHeavisldestepfunctlonandH,(t)istheHeiseti-
bergrepresentationofIlrwhichtumsouttobe
II,(t)=eiev・tHie-iM・t
=ΣQ{叫+〔t〕aq十Ilq〔t〕aq}(3・IO)
IIq〔t〕≡IIq(t)eicqt,II4(t)≡et'itlIqe-i∬lt(3・11)
TheoperatoraoS('1,'2)satisfiesthelineardifferentlal
ロ
equatlOll:
〔∂/∂tl+品 ω 〕a、s('・,'・)
=αqδ(〆一'2)-il'lig〔tl〕S('ハ,'2)(3.12)
Th。 。b。veequati・…nb・immed{・ に1yi耐 ・gmt・dt・
give
・。3('。・,)一・('・,・・)・一 ・∫:'d・'・Q1・'・')・
・rl璽〔〆〕S(〆,ど2)
.(3.13)
Bytheuseofeq.(3.13),theopera匡orwhichappears
in(3.6)canbedecomposed▲nto'由reeterms:.
。品 ・('rの ρ=⊂`(M・+cq)'a,s(t,tl)・'
.・Hξ ・(ti)S(ti)ρ・イ 卿
=¢ 一《(M・+・φ'〔ぷ(ち のnξ ・ω ぷω 侮,ρ
(3>
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一 ・∫`'…8(・
,・1)II・・(・1)・(・1,'・)
・Ilq〔'・〕ぷ(t・)ρ
一 ・∫:dt・(…)"・、〔'・〕s(励)
.1-1ξ+('1)ρ〕e'-i・?'t(3 ,14)
ThefirsttermeorrespOndstothedetectioi}ofph・t・ns
intheinitialgroundstateandmaybeIleglectedin
accordancewiththeapProximation(i)mentionedabove.
Thesecondtermdescribesascatteringprocessofemis-
sionfollowedbyabsorptionandalsomaybedisregar.
ded.Ourconcernisonlythelasttermwhichgives
theabsorptionfollowedbyemission.Inthisway,eq.
(3.6)canbewrittenas
T・〔a,,P2(t)aq,+〕一捻 老:;、ε一 ・　 ・
'・∬ 二dξ・dξ・ψ(ξ・一ω1)ψ・(ξ・一ω1)
,・∫:吋 ン'1∫二・… ∫:'d・i'・xpノ
・〔icqlt2-icq2ti-iξ,t,-Fi&t!〕
・Tr〔et・勉 ・nq
、ピ 烈 一'・)
・IIξ,÷e-i・Xt!ρeieSZti'IIξ,cξ才(t2'-tl')
・ILg
,+e-is■t2'〕(3.15)
Herewecanverifythatthelawofenergyconser-
vation,i.e.ξ1一ξ2=cq・-cq2intheabovecaseholds
eveninthetransientlightscatteringasitshould:Since
thevariablesξ!,ξ2,cqlandcq2▲neq,(3.15)should
be輌nfacttal{enasξrl-iδ,ξ2-`δ,cq1+'δandcq2-i6
whe祀 δisani・finitestimallysmaltp・siti・equantity,
,・ ・tyth・f・ll・wi・gtyp・ ・fi・t・g・al・with・・energy-
conservingfactorδ(ξi－ξ2-cq1+cq2)apPea,rineq.
(3.15);
∫二吋 ン'・∫ン ・・'∫ご・'・ノe・p〔・(Cq「ξi+L・,a)t、
-i(Cq2一 ξ2エL.qβα)t2'+i(ξ、一 ρ ηα+どδ)(t2-tl)
-i(ξ2-9n 'α－iδ)(t2'-tlt)〕
"
_π2δ(Cql-&+メ2Pα)δ(Cq2一 ξ2+9pa)
systemseoncerned;
価)TheOperatOrRqiSaSmOOthlyVaryingfUnCtiOll
ofOsothat .wcmayput
(・ξ1=・n・,=11・1≡一 ・〆(・ ・/ω1)・1・∫ ・～㎡(・)・ 一・・1・
(3,16)
and
ΣP。1(D(θ・e,,)rl,、=ΣP・1(2)(θ・e・,)rl・,=II・
≡ 一 ・〆 砺1・ ・)・・∫ ・・j(r)e-ik・・
.(3 .17)
intheabsorption(whereξ1=ξ2=ω1)andtheemission
(・・herecq…cg・=ω ・)P…essesrespe・tively,whe・eK',
isanaveragewavevectorofincidentlight.
Fromeqs.(3.5)。(3.15),(3.16)and(3.17),we
getthetransientR.R.S.e伍ciencydefinedby
S(ωt,ω2;t)≡<AN(k)>t/N,bt
iiA・一∬1㍑2・醐 ・'∫:・・1∫ご・
・直 ・'ψω ψ*(め
・exp〔-itu1(tl-tl')十∫ω2(t2-'2')〕
・A(t－tl'
,t,'-t,',t,'-h')
A(tl-t!t,t2-t2',t2'-tt')
≡T,・〔。i疏 ・n,μ'('一 ど・)n1+e→・SY・・ρ・i2"tl'
・IIlei・EY'(t2t－ご1りn2+ピー'飾'〕 ・
withtheuse・ftheinteg・als(2.7)and
。"dgi
∫　 　 　。・2π
2・in〔(cσ一 ω・)At/2〕
qrω2/c
・告+'・1)
e-tcq《`一`・ハ
(3.18)
(3,19)
(ξ,一Ωea+iδ)(&-90ia－ どδ)
w}1ereρ《」≡S,-eＬetc.,8,behlgtheノ ・theigenvalue
ofthetotalhamiltonian才.Thuswefindthatcq .
(3.15)dependsontonlythroughafactore-te(ql-q:)t
sincetheaboveintegraldoesnotdependont.There・
f・re,thed・mains・fthet2-andt2'-integrati・nsare
notgivenby〔',-oo〕asseenineq.(3.15)butdeter《
minedbytheqi-andq2-integralsilleq.(3.5)w三th
eq,(3.15)respectivelyasshownbelow.
Toproceedfurther,wehave・tomakethethird
apProxima{ionwhichis、ve!lsatisfiedil)mostofthe
－ε・… 一蝋
whereweput
.ω2≡ ピ克,∠jt≡2a/candNl≡ ω1レ1112/4πc2
TheFeynmandiagramfortransientR.R.p.
byeqs.(3.18)and(3.19)isshowninFig・
Thephysiealmeaningofthisexpression
obviOUS;
theradiationfieldstaysin{tsinitial
untililor'、'whenitisexcitedbyan
w;ththeintensityψ('1)orψ(tlt),the"
frequen・yω1,thewavevect・rk,an
el,thellitpropagateswithin.the``'
st5teuntilt20rt2'whenitis'de▲excitedby
(3.20)
(3.21)
described
1.
isalmost
Thet・tal・y・temc・mp・sed・fth・m・tterand
groundstatcρ
incidentpulse
instantaneOUS
dthepolarization
intermediate"excited
コ リ
emittlng
anω ・ph・t。nwhere'・nlytheph・t・nsemlttedduringa
tim。i。tervaldt。,。undt,i。th・di,ecti…fk・nd
withthepolarizationearecountedbythedetector・
(4)
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Fig.1Diagram'ft〕rtransientresonanceRaman'scattering.OiilYthephotons
emittedattimes'2('2')wheret-At/2<t2(ti)<t十At/2canbeobser-
ved.Theenvelopeofincidentpulseψ(のandthefilteringfunction
ofspectrometeraredenictedintheupper・1eftanduppef'rightcorners,の
respectively.
§4禽Radiativeintermediatestateinteraction
A、an。 。。mp1。,1。t・・c…id・'・a・y・t・m・ ・mp…d
ofexcitons,photonsandphonons.Then,itisseen
thattheformula(3.18)illwhichanydecomposing
P…ed・ ・eb・tweenexcit…andph・t・n・ir・ ・ti・terv・n・d
describesthetranssientR.RS.intheso・calledexciton・
polaritonpicture.Thispictureispotentially三mportant
whentheresonantabsorptionand/oremissionoflight
byexcitonstakesplacenearthepointoftheexciton
bandforwhichtheexciton、vavevec(orisequaltothat
oflight7・19.-23,....・
'
Ontheotherhandwhehthematter-radiationinte・
ractionisexceedinglyweakco㎡paredwithallthe
nOn-radiatiVe{nteraetiOnSintheSyStem,theSyStemaS
awholeundergoesthe'longitud垣alandthe'transverse
τadiativerelaxationsintheintermediatestates.To
investigatethemina.geハleralsystemisasubjectofthis
sec(ion.揚
Ifthesystemlcontainsanypolaritonm(》deasai)art
ofit,therelbvantpartofH∫十H尺whlchdescrivesthe
photonsofwhichthe.POIarltoniscomposediscombined
withI-ltoもerewrittenasHagain.'Thecombined
systemissimplyreferredto日s``sylitern"andthesame
notationasUisUsedfortheresidualpartofHiwhich
maYbeireatedperturbationally、Inotherrespects,we
d・ ・Ot・pecifythe・y・tem.'1
(5
N・w,withth・use・f8-m・t・i・e・,(3β) .・n4(3・9)・し 　
thecorre|ator〈3.19)canbeexpressedas
A(tl-tlt,t2-t2',t2'一ム')≡ ..
≡T・ 〔s(。,趣 ・(・)s(t・・tl)・・1+(めρs+(・?.・.
・■1ω8('1'・`・')n・t(・・')5.(t・㌔。。)〕(4・1)
SincewecanusuallyneglectH∫intheinitialgro1」nd
ヲ
state,、vecan、vnte
S(tt)ρS+(tl')=:i)2ttOMρR(4.2)
where
P.if=e→∫'τノTr〔e-lt'T〕
・ndρ ㌍ ビ πR∫T/T'・〔e""RIT〕 ・ .・(4・3)
Fu・th・らtheradl・tlve丘 ・・1・t・teinte…tionWhiehis
describedbythepartofりrア 〔8(co,t2)…8(t2',oo)〕iTl
(4。1)dosenotplayimportantrolesinmostcasesand
herelsneglected.Then、eq.(4.1)canbeapproxi-
matedas
A('、一'、','・一'2','2'-tl)=
=<lf,(tt')<s(ノ、',",'川・+(t・')n・ω8(ど ・,tl)>B
・ll,+ω 〉,f ..(4.4)
where
<・ ・>M≡T・ ・、t〔ρM・・〕
and<・ ・>R≡7■rlt〔ρ尺・・〕'(4.5)
Inthe・ ・1・u1・ti・n・f・n・ve・age・fthetyPe<ぷ(t・',
∫2')…8('2,tt)〉刀sVetakeaccountofsuchterMswhich
ヨ
areshowninFig.2(a)and2(b)(seethb丘gurec叩 ・
tio!1).、'1
4.aThelongitudinalrad{ativedamping・
)
t`
(a)
(b)
Fig.2
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tl t2
tl t2
～
恒 t2
tl t2
6-一 ■■■一 喝 ≡ ◆一一ーー一一 ● 十
tlt2tlt2tlτ1
Thefirsttermin
radiativedampingis
Ao(tl-tl',t2-ti,
=<rIt(tlり く ぷ(tl
.IIi+(tl)>M
Here,sincetheelectr()n-photoncoupling
operator<S(t2,tl)>n
<S(t2,tl)>R=exp〔ln〈S(t2,tl)〉
with
/1(τ2,τ1)≡
・F
?? τtt2
t1
whereweput
approXimat三〇n(li).
Letusintroducetheoperatoroflongitudinalradiative
damp;ngrate,・afterT・y・zasva'5・},
2γ《助 ≡ Σ ・∫:… 　 ・1・+1・・〔 〕(・ .・)
.'
whichworksintheintermediatestate.Bytheuseof
it.the・per・t。・ λ(τ・,τ1)canbeexpres・edas.
'A(
… τ1)i∫Z・IE/z7・E・(・・)e-tnl・r・・)(・.1・)
where
γ働(τ)=e'Utγ 〔E'e-tile(4.11)
Then,theflrstintegralofA(τ2,τ1)apPearinginthe
exponentof(4.7)canbecalculatedasfollows
∫1』(… τt)≡
≡1∫ ンE'∫ ンE∫1`・τ1♂・'…・'・1・・(・)・(E')・・…
T2t2
Tl
十
「
↓
?
?
?
?
十 …
1-…
・・p・[
。 、1,,t,]
Diagrammaticrepresentationoftermscontributingtotheradiativeintermediatestatei耐e-
ractioninthecaseofweakcoupling.Thesoli(1verticesandthewavylillesrepresent
H,andphotonpropagatorsrespectively;apairofvert壬cesatτ1andτ2connectedbya
wavylinearecombinedtofbrmapaircorrelator<H,(τ1)…Hi(τ2)>R;(a)Thestepsinthe
ladderdiagramsdepictthetransverseradiativedampings;(b)Theboldsolidlinesrepresent
the・propagatorsofthesystembeingsubjectedtothelongitudinalradiativedampin8s.
,Ti・ 2(a)incl"di"gnot「ansve「se－㌫'・ 一'・(E')艦(・ ・)-1丁磐1-tt(・・)
expressedas
t,Lz、')■ 。、i-r.。 「`o'(・)(4・12)
'
,'2')>RI'12+(t,りH,(t2)<S(t,、の>Rwhere.,.・ 、 ・ ・
(4・6)r
、・E'・≡ ・、…+・ ∠、・・'・,_二F・ ・'・(・.・3)
lslinear,the
・・ex…1yg・ve・b・ γ・・E',≡∫ンE確 認 つ'γ・E'高 γ《eつ
尺〕(4
.14)
一・・p・〔一∫:td・・i:'d・・A(…τ1)〕(…)A '…≡∫:・E豆一c鵠 沼 ノ)E-7・E)
〈H,(。,)昂(τ1)〉.。=Σ 。π ♂ 〔。,〕n、〔τ1〕.'・ →bO'd`E')(4・15)
(48)Byt}leuseofanarrowintheaboveeachequatiol1,
… ≡ 〈 砺+aq>n・tO'acc。rdingt・th・wehavel・di・atedwhatthequ・ntity・nth・left・educe・
tointhelongtimeapproximation.The(τ2-tl)一
(6
depende・e・f・q。(412)impliesthatth・1・ngitudinal
radiativerelaxat三ellisgenerallyanon-Markovprocesb'
when(τ 、一'、)≦ δr-!whereδristheenergyinterval
overwhichγ 〔E,variesapPreciably・Inmostsystems
concerned,however,suchdurationtimeoftheradiative
transitionoftheexcitedstate,δr-1,isroughlygiven
bytheenergyseparationbetweenthegroundandthe
exc証edstates(=・tui)andusuallyinR.R.S.Itisextre'
melyshortcomParedwlththeaveragedurationtilne
・ftheSy・t・minthei・te・med;・teState〈 τ〉 ・・th・
1ightscatteringtimesτ`whichdependonthekindsof
quantumprocesses,i.Thatis,conditions
<τ>a皿dτi》 δアー 1fbralli(4.16)
aresatisfiedin竃nostR。R.S.,sweareconceme(1wi由.
Inthisway,wearrivednearlythesameconclusi。nas
)
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themomentarityansatzmadebyToyozawa出),insplte
ofthefactthatiheoperandof/1apPearinginthe
presenttheoryisonlyunityasseenineq.(・1.12)and
thereforetheadditionalcondition(3.7)inref.(15a)
whichfurtherlimitsthesystelnstobeapplicab}eis
e:plicitlyunnecessary.
Inthelongt;meapproximation(4.16),fmmeqs
(4.6),(4.7)and(4.12),weget
A。(tl-tlノ,'2-∫2',t2'-tlt)=
=<⊂ £H('1-z1')H1～(H+∫州(∫ ・'一'1つH,+eiH('・一・ ')
・II,e-i(H『ir(o))(t2-tDII,・〉"
whereweusedtheidenti!y
エex・ 〔一∫:td・∬1…(・)〕画 一
ーi(II-irtO))(t2-t1)
==召
Hereitshouldberemarkedthatpco}is
operatoroflengitudina1radiativerelaxation
(4.17)
(4.18)
anOn-diagonal
whlchhas
arnatrixelementbetweenanypairoftheintermediate
stateswhichincludenotonlytheelectronic'excited
Slatesbutalsotheelectronicgroundstate、Therefbre,
theformula(4.17);sapplicaも1etogeneratproblems
includingtheinterSyStemCrOSsing,theexCit。nPOIar-
tion7,19～23,an〔ltheoccurrenceornon.occurrenceof
F-CenterlUrnineSCenCeini。niCCryStalS2')andSOOn.
4。bThetransverseradiativedamping
Then--th・rdertransverseradiativedampingdescri-
bedbythe(2t十1)-thterlninFig.2(a)isanalogous
tothe〃-aceusticphononR.R.S、at7』Ointhesystem
wlthlineareEectron-phononcoupling.I thelongtime
・pP…im・ti・nf・rthe1・hgitudinal・adi・t;ve・el…tl⑯,
thefirstternlCanbewrittenas
Ai(tl-t!,t2一τ2','2'一♂の=:
=t∫:2d・∫::'・'Σ・・ 測`一 ・り〈 ・一`H偏 り111
・ei(H十ip〔o))(t-tli)Hq÷ei(H十iPtOり('2一の
・11,垣H('・-z・')n,。一'(H-「〔o〕パ ∫・}・)
,flqe-i(H-ir〔oレ)(τ－tl)"i+〉.v.(4.19)
where'2-tlandti-tl'》 δブ 玉.1rhetransverseradia－り
tivetransitionmustoccurwithillthetimeδr-1dueto
thesame・ea・・nasth・tf・rthel・ngit・di・ ・いadi・t;v。
t「ansition,sothateq.(4.19)isnon.zeroonlywhen
theconjugatetimedomains〔tt,t2〕and〔t!',t2t〕ofth6コ
lntermediatestatヒsoverlap
,i.e.Tl<T2whereweput
Tl…i11Max(tl,tl')and7■2≡Min(t2,t2')(4.20)
S・mmi・g・p・ltth・di・g・amssh・ 附i・Fig .2(。),・w。
obtaln
A(tl-tlt,t2-`2',∫2'-tl')=・
??????????????????
?。
?
?
?
。 (4.21)
with
A… Σ ・・… Σhf'd・ ・…Mdτ,f:'d・ ・'…∬2・ τ1'
〈,一'H('r'1')II1.-i(H+i「口})'〆恥 、・{τ1'}…
・IT,。・{胡 。一〆σ1+ic`o))'・'H,+。∫H('・一'・')
¶,ビ ゴ(H-i「`oり'・1[,。{。}…Ilq、{τ1}、'(H-i「`。))'1
・IL+〉 〃 θ(Tち －Ti)(4 .22)
where
n,{τ}≡ ～'9・、`(H-i「{o))・n,。
Asthemostsimp王esystem,
levelat・mspecifiedby
∫理 「=
Ilq=
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
●,
－i(H-rゆ)・(4
.23)
IetusconsiderafOur
(4.24)
ExceptfortheRaylelghscatteringcomponentdescribed
byAむ,theinelasticscatteringisdominatedbyAl
thoughanothernon-zeroetrm(i.e.ノ12)presents.From
eq.(4、22)withη=1,wehave
A,=・1M,M,+12e`b'・・{ε・-t・り一`ω・・('・-t・')"「`t・+'""tt-ts')
・Σ ・IM・1・9s:m2g(T・-T,)(cq-t・32(
cq－ ω32)2)/2〕 ・(T-T1)
(4.25)
whercdi、J=Ei-EＬandτ ωwasassumedt・bea
constant7.ItisfoundthatwhenT,-T輌 》 ω32-1a
realtransitionoccursfromtheresonantelectronicstate
l3>tothelowerelectronicstatel2>byemittinga
ph・t・・withtheene・gy～ ω ・2±(「1'・-Tt)-1・
§5.Theuncertaintyprincipleandthecorrela-
tionbetweenabgorptionandemission.
5。aThescatteringe伍clencyf()rmula
Inordertoinvestigatethe;ntlmaterelat三〇nbetween
U.P.andC。A,E..itisessentialtomakeachangeof
variablesfromaset('1,tl';t2,t2')toanotherset(σ,s;
μ,〃のacc・rdingt・(secFig・.1)
σ=tl--t1',s=(tl÷tt')/2;
,t==t2-'2',m=('2十t2')/2-'・(5.1)
orinversely
ム=s+σ/2,tl「=s－ σ/2;
t2=:t十m十 μ/2,t2'='十m-iu/2(5.2)
(?)
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A(σ,μ;・')=ア ・〔μ ㌔'rr,+n,(μ)ビ続 行1+(・)ρrl1〕
(5、4)
ltisfoundthatthetransientscatteringe伍clencyis
describedbythcfour-foldintegralsoverthetwo.pairs
ofvariables(σ,s)and(μ,lil)referredtotheab$orption
andemissionprocessesrespectively.Thevariablcsσ
andμarereferredtotheenergyspCctrumofthe
absorbedandemittedphotonsatthemeanabsorption-
andemission-timesgivenbythevariablessand∫十 〃',
respectively. ,ク
5.b'rheuncertaintYrelationintheabsorptionProcess.
Theinteral・verσineq.(5.3)9;vesthet;me-
dependentabsorptioBspectrumatthemeanabsQrptionレ
times.ItsspectrumiscertainlybroadenedbyUP.
intheabsorptionprocesssincetheintegra]rangeof
σisexternallylimitedbyψ(s十 σ/2)ψ*(s－σ/2).In
order.todescribethewholeexcitationevent,'wemust
furtherintegratesuchinstanねneousabsorptionspectrum
overthemeanabsorptiontimes.Thefactthatthe
integralrangeofsisexternally]imitedbythesame
.∫unctionψ(s+σ/2)ψ*(s－ σ/2)asthatf`)rσdoesphy-
sicallymeanthattheaveragedurationtimeofthe
incidentpulse∠fτanditsaveragespectral、vidth∠iε
satisfytheminimumuncertaintyrelatioll
∠Ic・∠fε～1(5.5)
inthepresentc|assicalInodelas‡heyshouldbefbr
theideallypreciseexperimentstodetermlneAτand∠ε.
'1「i
p・・c輪expe・im・nt・li・tSmayd・t・・目hec・arse-9・・-
illedenvelopesofthetemporaland/orspectralilltensities
givenhylψ(s)12and/orlψ(ξ1一ω1)12respectivelywith
theuseofwellreproduciblepulses.Fromthissi加a-
li・,・n・mighti・t・iti・dy・Cg・・dtheP・1・ee・・it。ti。11
asapartfromaconstantfactor
… ∫1'md・1ψ(・)1・∫=dξ1/・・1ψ(ξ1一ωd・
2(t+冊一.}+tl
・∫ ε`ξ1σ一 ・(5 .6)
2{`十力巳一●】十F
insteadO'f・
…∫1'Md・∫:lll:1::ll -t
Then,eq.(3.18)canbesvrittenas
・(ω1,・…)一え ∫1:;:・〃・∫㌫
。・・∫:ぬ・・
・∫:1:ll:::;:d・ψ(・+・/・)ψ(・一・ノ・)
・e"t。・σ"'ω・t'A(σ,μ;z+・21-s+(σ 一 μ)/2)
(5.3)
with
～.
'
'
・ψ(s+σ/2)ψ*(s－ σ/2)e`Pt・r… ・ .(5.7).
Thisprocedurecanbejustifiedonlywhenψ(s十 σノ2)
ψ*(s－ σ/2)ineq.(5.7)issolvedintotwofactors:a
functi・1)・f・nlysanda『functi・n・f・nlyσ.Except
f・ratrivials・luti・11Cb(t・)=1,the・nesOluti・1・isa
Gausslan,Le、
ψ(tl)=exp〔一 ∠h2'12〕 層(5.8)
Then,∠1τand∠fεaregiven .by
∠1τ=～/5T≡「元7∠11and∠1ε=2s/21n2∠lt(5.9)
satisfyingeq.(5.5).Buttheaboveprecedate(5.6)
lsnotcorrectingeneralexceptfbrtheonecase(5.8).
F・・e・ ・mpl・,1・tus・…id・ …t・p恥 ・ゆ ・ψ(t・)=θ
(tl),thenψ(s十 σ/2)ψ*(s－σ/2)==θ(s)0(2s-1σ1),In
theearlieststageofexcitationwheres(<0)issmall
theabsorptionspectrumatsfixedisroughlyglvenby
～2sin2sω1ノ ω1
,indicatinganotherseriousfeature'of
U.P.,hsnotedbySchwartz`o)、
5、cTheuncertaintyrelationilltheerd{ssionprocess.
Simila日y,theintegtaloverμineq.(5.3)gives
theern;ssbnspectrumtobeobservedoveratimein・
tervattit-2レ～ilaroundthemeanemissiontimet+〃li
whererゴ 〃2<ア η 〈dt/2.Finally,匡het{me-resolved　
ernissionspectrumtobeobervedovertheihterval∠f
aroundtheaverage、(ilotmean)einissiontimetcanbe
・bt・inedbソtaking・Verage・n〃tinSUchaWayaS
…一'f.z:1ン・〃…・ ・
This、UP.relationoriginatesessentiaUyfromthe
twocomplementarypituresofthelightpulse,i。e.the
wavepicture(=thepreciseknowledgeoftheenergy
spectrum)andthepqrticlepicture(=thepreciseknow・
1edge・fthetemporalenvel・pe).U.P.statesthat
everyexperimentdestr6yssome・oftheknowledgeof
theljghtpulsewhlch・Vas・btainedbyprevi・usexpe'
riments.Ontheotherwords,theknow[edgeobtained
byTepeat{ngexpcrimentsmanytimescanneversurp:ss
thatobtainedbythesimultaneoustime.resoh・edand
energy'resolved血easurementsassupP。sedinthepresent
theory,sincea・firmbeliefthat硫e'pulsegenerat・r
haveprecisereprOducibilityisofapul・e!yspeculatlve
character..
TheaboveU.P∴implicationsshouldnotbeconfused
withthefiniteresolutio11power.of.aphotoncounter・
Thelatterwmfurtherintroducetheaverag{ngproce'
durelikeas.1.ド
(8)
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・(ω1・・…)≡ ∫ 二、
,、・・'s(・,… 〆)
(5.10)
SinceAteusuallysati〔s{ies∠fte《l ,thiseffectisnegligi・
ble.
5.dCorrelationbetweenabsorptionandemission
(C.A.E.)
Fromeq.(5.3),itisfouhdthatthecorrelation
betweenexcitati・nand・bservati・ll・c'cursthr・ughth』
twodifferentorigins,thatare,fromthec・rrelat・rA
(σ,μ,τ')itseMandfromtheoverlaplngoftheexcita-
tionandobservationevents.'Withregardtothelattcr,
thedifferen・ebetweenthetw・cases・f・verl・pi・gand
non-overlapingisessentiallytheproblemoftheexte-
malboundaryconditionssincethereisnoinstantaneous
scatteringofph。tonsit・general.Inthepresence・f
theoverlaping,theeffectivef()rmoftheincidentpulse
bywhi・hthet・t・1・y・temlse・ ・it・dlsn・tgivenb}'
thewholeenvelopeofψ(tl)asisthecaseforthe
… 一・ve・1・pingbutvariesln・uch・w・y・sψ(〆1)θ(ノ 、
一 ～1)dependingontheemissiontlme'
2.Butthe
{brmerisdeterminedbythejntrhハsicpropertiesofthe
totalsystem.
In・rdertoinvestlgatetheproblem
canpracticallyseparateR.S.,H.L.and
inelasticR.R.S.ornot,onehasto
lnsomerespectsandin
boundaryconditions、
mbigttouslydefinedastheelastic
whichcanberegardedasthe
theparts、vithllocorrelations
f・)andthel・wer(t、"t,')
0.Lcanbealsode丘nedasthe'
fr・mtheinte・mediate.elaxedstate。fa
f・rwhi・hthee・g()dicityh・1ds・… .
seemstoben。unambigu・usdefiniti・ns
H.Litlageneralmatmer .
ofR ,S.hasbeenu$ed
astrongC .A.E.withregardstothe
timc・andthepola,ri2ation-dependences.
conceptionofH.L.wasappliedto
◆
whetherone
O,L.fromthc
specifythesystem
additi・ngivetheexperime漁1
Rayleighscatteringcanbeuna-
scatteringoflight
contributionftoinall
betweentheupper(ti,
timebranches.Further,
emissionoflight
】argesystem
However,there
ofR.S.and
Conventi・nally,theeoncept
fortheCase・whenthereremains
energy-,the
、Vhilethe
R、R.S.ofsome
Pa・tl・ularsystemssuchasimpuritycenterstいvherethe
・ib・ati…1・d・x・ti・1甲・・e…s・ ・erapidasc・mp・ ・ed
totherad{at;velifet;meand.theexcitoneniissionof
crystals?,.H.L.isconsideredtoariseat匠he'stageof
theenergeticrelaxationtowardsthethermalequilibrium
ぱ
1ntheexdtedetectronicstateafter,thephasecorrela－
tiollswiththeincidentllghtvanish.Howcver,in
somecasesonecouldnotseparatetheH.L.cempolient
frornR,R.S、eveninpractiee。Thisimpliesthatit
wouldbemoremeaningfultosetupourproblemh1
suchawayash・wthe
processes,bothofwhich
spect・um,thetemP・ ・a!
polarlzations,corre!ateill
thispicture。thesteadyR.RS
c・mpli・atedsincethebeha・i・rs
wholetimeregionsmustbeta,ken
taneousiy.
TheabsenceofC.A,E.impliestha杜hecorrelator
(5.4)canh,analyti・ally・e・・lvedi・t・tw・f・ ・t・f・
relatedtotheabsorptionand.theemissionprocesses・
i.e.afunctionofonlysandσandafunctionofonly
t十mandμ,respectively.Whenitistlotthecase・
we・ay・h・Uhef・U・tim・V・ ・i・bl…9… μandt-F"n・
correlatemutually.Then,itmustbeunderlinedthat
the・U.P.relatlonsdiscussedillsubsections5.band5.c
P1。yimp・・t・nt・1…i・CAE:1・tuss・pP・ ・eth・tU・
P.i・th・ ・bS。・p・三・・P…e・sb・ .・・glect・9i…rh・
wayas-「4(Siliineq.(5・6)beingartificiallyputt(「
A・δ(・)・島・c'。Then,・hec・rrel・ ・i・n・b…Y・e・ .sand
th。 。th,,v。,i、bl・・ σ,μ ・・dt+・)・will・beenti・ely
disregard。d,・lth・・ghi・9・ ・…lthe皿 ・glect・d・…el・ ・
ti。ns、,e,。n,ide・edt・P1・yimp・t・nt・lesi・b・thR・
S.andH.L.components.Similarly,ifweneglectU・
1).intheemissionprocess,e、9.byartificiallyintrOdu-
。i。gAt6(nt)i・t・th・ ・2t.-i・t・g・ali・eq・(5・3)・・1いh・
c。rrel。ti。nsbetween7〃andthe・thervariablesσ・s,μ
andtwillvanishll・14b・lss).Thisartificeispotvalid
。、peci。llywh・nth・ ・…e】 ・t・(5・9)…ies・apidly・ ・
themeanemissioBtimet十mlapsesintheranget-
dt/2<t十,〃<t十At/2,aswillbeexemplifie31nthe.
nextpaper.
AccordingtoU.P.,thecontinuoustemporaldete,
,ti。n。femittedph・t・n・canbede・c・ibed.by凸ef・r-
mulaobtainedbyputtingztt→Oineq.(5.3);
s.(ω1;の≡・r・・∫lds∫:::二::ψ(・+a!2)ψ・(・一・/2)・～`ω・σ
・A(σ
,0;t-s+σ/2)clσ(5.11)
Fromwh{chanyinf(》rmationson'theenergyspectrum
orthecorrelationsbetweenμand(σ,s,t)disapPearas'
itshould.However、sincedthasthelowerllmitdue
tOteChniCalOriginS。也erernaybeSOmeSyStemS.tO
whicheq.(5.11)isnotapplicable.Forsuchsystems,
absorptionandtheemission
arespecifiedbytheenergy
intensityvariati・nsandthe
time(seeeq.(5.3)).Fromト
.isconsideredtobem6stly
of'thecorrelator▲nthe
intoaccountsimul－
(9)
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theactualc。ntinuoustemp。raldetectionwouldbe
PerformedaccordingtothefellowingProcedure;
・(ω1;の≡撫 ㍊.'d・・s(ω1…li)
∋ ∫1:1:珂『m・・∫;1:1,::::…
・ψ(s十 σ/2)ψ*(s－σ/2)e-itO・σ
・A(σ,0;t十111-s十σ/2)(5.12)
whereδtisthelowerlimit・fAt.TheapPearance
oftheaverageonltlintheaboveequationisdueto
U.P.andindicatesageneralizationoftheformulaused
byJortneretal.Sl).
§6Summaryanddiscussion、
Intheprccedingsections,wehaveformulatedthe
time-dependentdescription.ofR.R.S,correctlytaking
account'oflloton|ytheeffectsoftheradiativerelaxa・ク
tionsofthemateriatsystem(§4)buta】sotheU.P.
relationsinboththeabsorptionandemissionprocess
(§5).Thehamlltonianwhichentersthefourtime
…rel・ti・n
.functi・n・fth・p・1・ ・izati・n・pe・at・・ 「1・
containsthatoftheradiationfieldandtheinteraction
betweenitandt}匡emauer,ofwhichastronglycoupled
Part(Le.excitonpolariton7,19～23))incorporatedwiththe
matterconstitutesacombinedsystemwhiletherema-
iningweaklyorintermediatelycoupledpartbrings
aboutboththelongitudinalandthetransverseradiative
relaxationsofthecomblnedsystem.Withregardto.
thelongitudi1旧lradiativedampingoftheilltermediate
stateinR.R.S.,theprcsentlongtimeapproximation
(4.16)hasbeenf・undt・beaslightgenerali・ati・n・f
themomentarityAnzatzmadebyToyozawa!5a)since
thehamiltonianofthecombinedsystemwhichenters
eq.(4.17)maycontainthenon-radiativeinteraction
'connectingtheexcitedandthegroundstatesandfurther
thepresenttheorydoesnotrequiretheadditionalcon－
曲ion(3.7)necessitatedlnref.(15a).Itshouldbe
remarkedthatthisgeneralizationisparticularlyimpor-
tantinsuchproblemsastheoccurrenceornon・occur-
・en・e・fF-cent・rl・mi・esce・cei・i・ ・icc・ystals27).
Moreover,thenon-diagonaltransitionsinducedbythe
operatorofthelongitudinalradiativedampingr(o)play
importantrolesiI、theintersystemcrossingandinthe
exciton'polaritonillthesensethatthenon-diagonal
matrixelementsofrlo)dependstronglyonthe60nfi・
gurationcoordinateor'thewavevector15s}。On'the
otherhand,ifnecessary,thepresenttheorycantake
aCCOUntOftheeffeCtOfthetranSVerSeradiatiVe'dam,
ping,whichisoneofthepossiblemechanismsfor
transverserelaxationsaccompanied、vithlargeStokcs
lossinthesystems'suchasmolecules.Inthelong
time・pP…imati・11,thiseffect・ccu・s・nlywhenthe
upperandtllelowertimedomains,〔tl,'2〕and〔tl','2'〕
respectively,overlap.The万－thordertermisgivenby
eq.(4.22).
In§5,wehaveconslderedtheU.P.implieations
▲・at・an・i・ntsec・d・ ・d・・g嘩 ・lp…cs・i・d・t・iland
qualitativelyclarifiedtheintimaterelationshipbetween
itandC。A.E..Since'noonecanavoidtheU.P.in
P・in・ipl・,・nythe・・yin・・nsistentwithU.P.14b・15竺・c'i・
;ncornpleteandmayoverlooktheimportanteffects
associatedwiththecorrelationsbetweenabsorptionand
emissionortheauto・correiationsofpolarizabilities.
Hereitshouldberecognizedth飢thewellknown
Kramers-Heisenbergfbrmu】afOrthelightscattering
effl・1・ncyi・.the・teady・t・t・i・c…i・t・ntwlψU・P・
sincetheessentiallysameformulacanbeobtained
fromeq.(3.18)bysupposingtheprocedure;ψ(ti)=
θ(tl),t/∠lt→Ooand∠tt-一>co.、Vhethertheneglected
e「fectsinunsatisfactorytheoriesinconsistentwithU.P.
areseriousornotdependsnOtOnlyOntheintrinsic,
propertiesofthesystembuta{soonthewaysofexci・
tationandobservation.Therefore,tQproceedfurther,
・nemustspecifythem.Inthenextpaper,ther・le
ofU.P.inR.R.S.bytheloc,alizedelectron.phonon
systemwillbestudied.
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